ADHD-related symptoms, emotional/behavioral problems, and physical conditions in Taiwanese children with epilepsy  by Tsai, Fang-Ju et al.
Journal of the Formosan Medical Association (2013) 112, 396e405Available online at www.sciencedirect.com
journal homepage: www.j fma-onl ine.comORIGINAL ARTICLEADHD-related symptoms, emotional/
behavioral problems, and physical conditions
in Taiwanese children with epilepsyFang-Ju Tsai a,b, Shu-Tsen Liu a,c, Chi-Mei Lee a,d,
Wang-Tso Lee e, Pi-Chuan Fan e, Wei-Sheng Lin f,
Yen-Nan Chiu a, Susan Shur-Fen Gau a,g,*aDepartment of Psychiatry, National Taiwan University Hospital, Taipei, Taiwan
bDepartment of Psychiatry, En Chu Kong Hospital, New Taipei City, Taiwan
cDepartment of Psychiatry, National Taiwan University Hospital, Yun-Lin Branch, Yun-Lin County,
Taiwan
dDepartment of Psychology, Eastern Michigan University, Ypsilanti, Michigan, USA
eDepartment of Pediatrics, National Taiwan University Hospital, Taipei, Taiwan
fDepartment of Pediatrics, National Taiwan University Hospital, Yun-Lin Branch, Yun-Lin County,
Taiwan
gDepartment of Psychiatry, College of Medicine, National Taiwan University, Taipei, TaiwanReceived 31 December 2010; received in revised form 25 July 2011; accepted 8 August 2011KEYWORDS
attention-deficit
hyperactivity
disorder;
developmental delay;
epilepsy;
externalizing
problems;
internalizing
problems* Corresponding author. Department
Taipei 10002, Taiwan.
E-mail address: gaushufe@ntu.edu
0929-6646/$ - see front matter Copyr
doi:10.1016/j.jfma.2011.08.022Background/Purpose: Little is known about whether Asian children with epilepsy have more
attention-deficit hyperactivity disorder (ADHD)-related symptoms, emotional/ behavioral
problems, and physical conditions compared with those described in Western studies. The
authors investigated the rates of ADHD-related symptoms, emotional/behavioral problems,
and physical conditions among pediatric patients with epilepsy.
Methods: We recruited 61 patients with epilepsy, aged 6e16 years, and 122 age-, sex-, and
parental education-matched school controls. Data on demographics, parental reports on the
Child Behavior Checklist (CBCL) and Swanson, Nolan, and Pelham, version IV scale (SNAP-IV),
and medical records were collected.
Results: The average full-scale intelligence quotient of the case group was 95.8. There were 11
(18.0%), 7 (11.5%), 26 (42.6%), and 26 (42.6%) of children with epilepsy ever clinically diag-
nosed with developmental delay, overt ADHD symptoms, allergies reported by physicians,
and behavior problems measured by the CBCL, respectively. Those children with epilepsyof Psychiatry, National Taiwan University Hospital and College of Medicine, 7 Chung-Shan South Road,
.tw (S.S.-F. Gau).
ight ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.
ADHD and epilepsy 397had more severe ADHD-related symptoms and a wider range of emotional/behavioral problems
than controls (Cohen’s d 0.36e0.80). The rate of potential cases of ADHD among children with
epilepsy was 24.6%. A history of developmental delay predicted ADHD- related symptoms and
internalizing and externalizing problems. Among children with epilepsy, a longer duration of
treatment with antiepileptic drugs predicted externalizing problems, and an earlier onset of
epilepsy predicted inattention and hyperactivity/impulsivity.
Conclusion: Our findings imply that clinicians should assess physical and emotional/behavioral
problems among children with epilepsy in order to provide interventions to offset possible
adverse psychiatric outcomes.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Epilepsy is among the most common pediatric neurological
disorders in need of long-term medication treatment;
currently about 50 million people worldwide have epilepsy,
with an increased prevalence in childhood and adoles-
cence.1 It has been well established that children with
epilepsy are at risk for attention-deficit hyperactivity
disorder (ADHD) and its co-morbidities [e.g., oppositional
defiant disorder (ODD)].2e4 Epidemiological studies have
shown that children (defined here as school-aged youths
aged 6e17 years) with epilepsy have higher levels of
emotional/behavioral problems5,6 and emotional disorders6
than healthy children and children with noncentral nervous
system chronic illness. In Asia, increased rates of psycho-
pathology in children with epilepsy are found in India,7
Japan,8 and Taiwan.9
People with epilepsy have a significantly higher preva-
lence of chronic somatic conditions than the general pop-
ulation, including stomach/intestinal ulcers, migraines, and
allergies.10 The most prevalent chronic somatic conditions
in people with epilepsy have been reported to be allergies,
back problems, and migraine.10 Headache is very common
in people with epilepsy,11 and epilepsy in children is asso-
ciated with higher rates of migraine.12 It needs to be
determined whether these chronic somatic conditions are
specified to epilepsy or reflect a common situation to
chronic diseases.
Factors associated with emotional/behavioral and
attention problems among children with epilepsy include
polypharmacy with antiepileptic drugs (AEDs),7,13 duration
of epilepsy,7,14 seizure frequency,14 mental retardation,8
earlier age of seizure onset,13 male gender,15 socioeco-
nomic status,7,15 brain anomaly,16 pre-existing psychopa-
thology17,18 and psychosocial factors.19,20
Although increased ADHD-related symptoms and
emotional/behavioral problems have been demonstrated in
Western studies,3,20e23 few have been reported in non-
Western populations.7e9 Moreover, considering methodo-
logical issues, few studies have been conducted using the
recommended case-control design to compare the rates of
health-related problems.
A recent study compared emotional/behavioral prob-
lems between children with epilepsy and age-matched
healthy controls by using the Child Behavior Checklist
(CBCL) in Taiwan9 and found that children with epilepsy had
more internalizing/externalizing behavior problems.
However, this study was limited by not using a case-controldesign and not investigating the possible predictors
of emotional/behavioral problems among children with
epilepsy. Therefore, the current study aimed to use a case-
control study to investigate the rates of ADHD-related
symptoms, a wide range of internalizing and externalizing
problems, and physical conditions among Taiwanese chil-
dren with epilepsy, and normal controls, and to examine
the factors associated with ADHD-related symptoms and
internalizing/externalizing psychopathology.
Methods
Subjects
We recruited 61 pediatric patients (38 boys) with epilepsy,
aged 6e16 years [mean  standard deviation (SD)
9.79  2.49 years] from the pediatric neurology clinics at
the National Taiwan University Hospital (NTUH), and 122
age-, sex-, and parental education-matched school controls
from the same school districts of the patients. These 122
controls were recruited from regular classes in primary
schools in the same districts as the pediatric patients with
epilepsy. These students had previously been screened by
the classroom teachers. Students were excluded if they had
overt mental retardation (namely, those who received
special educational services for or a medical disability
certificate of mental retardation) or a history of epilepsy,
or any of the other major medical diseases (see below) that
were used as exclusion criteria for the pediatric patients
with epilepsy.
The clinical participants were referred from the pedi-
atric neurology clinics of the NTUH. Those participants who
had other significant co-morbid medical/neurological
conditions causing impairment of daily functioning (e.g.,
metabolic disease, chromosomal abnormality, neurological
degenerative disease, severe head trauma, or history of
head operation), or had pervasive developmental disorder
or an intelligent quotient (IQ) of less than 70 were
excluded. All children recruited into the study met the
International League Against Epilepsy (ILAE) criteria for
epilepsy based on the clinical diagnosis of two board-
certificated pediatric neurologists (Dr. WT Lee and Dr. PC
Fan).
Procedures
The Research Ethics Committee at NTUH approved this
study prior to ITS implementation. Written informed
398 F.-J. Tsai et al.consent was obtained from the participants and their
parents. The parents completed the CBCL and the Swanson,
Nolan, and Pelham, version IV scale (SNAP-IV). In addition
to clinical assessment of the epilepsy, the Weschler Intel-
ligence Scale for Children, 3rd edition (WISC-III) was used to
assess intelligence level of the patients with epilepsy.Instruments
The Chinese version of the CBCL
The Chinese CBCL is a parent-reported questionnaire con-
cerning their children aged 4e18 years. Eight narrow-band
behavioral/emotional problems and two broad-band
dimensions (internalizing and externalizing syndromes)
are derived from the 118 emotional and behavioral items of
the CBCL.24 Each item is scored 0 if not true, 1 if somewhat
or sometimes true, and 2 if very true or often true.
The t score for each behavioral/emotional problem of
the Chinese CBCL was generated based on the norm
established in Taiwan.25,26 A t score greater than 67 was
used as the cut-off point to define the presence of each
extreme behavioral/emotional problem. The Chinese CBCL
demonstrated an eight-factor structure based on both
exploratory and confirmatory factory analyses, and satis-
factory testeretest reliability (intraclass correlation coef-
ficients ranging from 0.51 to 0.72) and internal consistency
(alpha ranging from 0.55 to 0.90) in Taiwan.26
The Chinese version of SNAP-IV
The Chinese SNAP-IV is a 26-item scale using a 4-point
Likert scale with a score of 0 for “not at all,” 1 for “just
a little,” 2 for “quite a bit,” and 3 for “very much.” It
contains 18 items parallel to the core symptoms in the
Diagnostic and statistical manual of mental disorders, 4th
edition (DSM-IV) for ADHD (Items 1e9 for inattention
symptoms; Items 10e18 for hyperactivity/impulsivity
symptoms) and eight symptom items for ODD according to
the DSM-IV criteria.27
The norm and psychometric properties of the Chinese
SNAP-IV Parent28 and Teacher29 forms have been estab-
lished and were used to generate t scores.28,29 We used the
Chinese SNAP-IV Parent Form to assess ADHD-related
symptoms in the participants.28 The Chinese SNAP-IV
demonstrated a three-factor structure (inattention,
hyperactivity/impulsivity, and ODD) similar to that of its
English version using both exploratory and confirmatory
factory analyses, and satisfactory testeretest reliability
(intraclass correlation coefficients ranging from 0.59 to
0.72), internal consistency (alpha ranging from 0.88 to
0.99), and concurrent validity (Pearson correlations with
the corresponding subscales of the Strengths and Difficul-
ties Questionnaire and the CBCL in the range of 0.56e0.72).
The Chinese SNAP-IV also has high discriminant validity by
clearly distinguishing children with ADHD from school-based
controls.28
Two approaches were employed to identify potential
cases of ADHD based on the scores of the Chinese SNAP-IV.
The first approach was based on the symptom-count
criterion from the full diagnostic criteria stated in the
DSM-IV. A score of 2 (quite a bit) or 3 (very much) was
coded as the symptomatic presence of this behavior andotherwise as absence.27,28 According to the DSM-IV criteria,
the presence of symptoms of inattention was defined as
having a symptomatic response for at least six of the nine
inattention items, and the presence of the hyperactivity/
impulsivity syndrome was defined as having a symptomatic
response for at least six of the nine hyperactivity/impul-
sivity items.
The other approach was to use a t score greater than 67
as the cut-off point to define the presence of extreme
inattention or hyperactivity/impulsivity syndromes.Demographics and medical history
Demographic data (age, sex, educational level, parental
age, parental sex, parental education) were obtained from
parent-reported questionnaires. Seizure history (including
age of onset, duration of epilepsy, medication status with
AEDs, and degree of seizure control) were obtained from
the NTUH medical records for the clinical pediatric
participants. Seizure types and etiology of epilepsy were
determined by one independent board-certified pediatric
neurologist (WS Lin) based on a review of the medical
record, neurological examination, EEG, and neuroimages
according to the ILAE criteria (1989), and the results were
then confirmed with the attending pediatric neurologists to
confirm accuracy. Any descrepancies or inconsistencies
were resolved by intensive consensus discussion.
The complete medical records of the children with
epilepsy were reviewed (including notes about their first
and subsequent visits, current visits to the pediatric
neurological outpatient clinics at NTUH, and recent exam-
ination reports within the previous 6 months). These pedi-
atric patients with epilepsy have been regularly treated by
the two attending pediatric neurologists since their first
episodes. Moreover, we also interview parents about the
medical history to minimize the underreporting of medical
history.
In addition, parents reported their children’s develop-
mental and physical conditions,30 including past and
current mental disorders previously diagnosed by a child
psychiatrist (e.g., ADHD, delayed development, emotional
disorders, and pervasive developmental delay), physical
conditions (e.g., allergies, hepatitis, heart disease, and
headaches) previously diagnosed by a pediatrician or
a family physician, and somatic complaints (e.g., stomach
aches, nausea/vomiting, eye problems, or skin rashes).Statistical analysis
Statistical analyses were conducted using SAS 9.1 (SAS
Institute Inc, Cary NC, USA). For the matched case-control
design, a conditional logistical regression model was used
for comparisons of binary variables between the two groups
to generate the odds ratios (ORs) and 95% confidence
intervals (CIs). A linear multilevel model was used to
compare the mean scores of the subscales of the Chinese
SNAP-IV and CBCL. We used Cohen’s d to compute the
effect size (standardized difference between the two
means) for the group comparisons with small (0.2e0.5),
medium (0.5e0.8), and large ( 0.8) effect sizes.31
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mate the risk and relative odds for probable ADHD as the
functions of our hypothesized predictors and seizure vari-
ables among the whole sample and the case group only,
respectively. Linear regression was used to compute the
correlations between hypothesized predictors and the
scores of the SNAP-IV subscales and those of internalizing
and externalizing problems on the CBCL. We included
demographic data, history of developmental delay, Full-
Scale Intelligent Quotient (FSIQ), and seizure variables
(including current use of AEDs, duration of use of AEDs,
polypharmacy with AEDs, etiology of epilepsy, age of onset
of epilepsy, duration of epilepsy, and number of seizure
attacks) as independent variables, and scores from the
behavioral/emotional measures as mentioned above as
dependent variables to identify the significant correlates
for ADHD-related symptoms and emotional/behavioral
problems among the whole sample and children with
epilepsy only.Results
Sample characteristics
Among the 61 children with epilepsy, the age of onset of
epilepsy (SD) was 6.8 (3.2) years, and 58 (95.1%) wereTable 1 Demographic characteristics of children with epilepsy
Case (n Z 61), N
Child
Age, range 6e16
Age (mean  SD) 9.79  2.49
Sex
Male 38 (62.3)
Female 23 (37.7)
Father
Age (mean  SD) 43.12  5.87
Education
College/university 31 (51.7)
Senior high 23 (38.3)
Junior high and below 6 (10.0)
Mother
Age (mean  SD) 40.07  4.84
Education
College/university 24 (39.3)
Senior high 32 (52.5)
Junior high and below 5 (8.2)
WISC Full-Scale Intelligence Quotient 95.82  11.86
Range 70e120
Age of onset of epilepsy 6.81  3.17
Age range of onset of epilepsy 0.42e14.42
Current use of antiepileptic drugs, yes 58 (95.1)
*All p values >0.05.
SD Z standard deviation.currently being treated with AEDs when they received their
assessments. The average FSIQ (SD) for the patient group
was 95.8 (11.9), ranging from 70 to 120. Because of the
matched study design, there were no group differences in
the subjects’ age or sex, or the parents’ age, educational
levels, or occupation (Table 1).
Using a conditional logistic regression model for data
analysis, children with epilepsy were more likely to have
a clinical diagnosis of developmental delay and ADHD, as
well as parental reports of allergies, headaches, and
musculoskeletal aches or pains, than the controls. Six (9.8%)
patients had been diagnosed with developmental delay at
the toddler stage, and seven (11.5%) had been diagnosed
with ADHD by physicians. In contrast, none of the controls
had been clinically diagnosed as having developmental
problems or ADHD before the implementation of this study.
Parents reported that 26 (42.6%), 11 (18.0%), and 23
(37.7%) children with epilepsy, and 29 (23.8%), 7 (5.7%) and
17 (13.9%) of the 122 controls had allergies, aches or pains,
and headaches, respectively. Parents reported that 26
(42.6%), 26 (42.6%), 11 (18.0%), and 23 (37.7%) children with
epilepsy, and 36 (29.5%), 29 (23.8%), 5 (5.7%), 17 (13.9%) of
the 122 controls had stomach aches, nausea/vomiting, eye
problems, or skin rashes, respectively.
A conditional logistic regression model was conducted
for group comparisons of binary variables, and our results
showed there were significant group differences (pand controls.
(%) Control (n Z 122), N (%) Chi-square/F*
7e15 d
9.89  2.28 0.08
76 (62.3) d
46 (37.7)
41.84  5.17 2.56
63 (52.1) 0.00
46 (38.0)
12 (9.9)
39.13  4.77 1.81
46 (37.7) 0.07
65 (53.3)
11 (9.0)
d d
d d
d d
d d
d d
400 F.-J. Tsai et al.0.003e0.010) for allergies, ache or pains, and headaches.
However, there were no significant group differences in
somatic complaints (e.g., stomach aches, nausea-vomiting,
eye problems, or skin rashes; p 0.100e0.853).
ADHD-related symptoms
Using a linear multilevel model, we found that children
with epilepsy had a higher severity of ADHD-related symp-
toms (inattention and hyperactivity/impulsivity) (Table 2).
Using a conditional logistic regression model, our results
showed that children with epilepsy were at higher risk for
potential cases of ADHD than controls (Table 3). First, we
adopted the approach suggested by Swanson,27,28 to iden-
tify probable ADHD. The rate of probable ADHD among
children with epilepsy was 24.6% (11.5% for the predomi-
nantly inattentive type, 4.9% for the predominantly
hyperactive/impulsive type, and 8.2% for the combined
type), but zero among the controls. Second, using a t score
> 67 as the cut-off point, the rates of having extreme
inattention and hyperactivity/impulsivity syndromes in
patients with epilepsy were both significantly higher than in
the controls.
There was no significant group difference in the severity
of oppositional symptoms (Table 2), and rates of probable
ODD and extreme ODD syndrome (Table 3).
Behavioral/emotional problems
Using a linear multilevel model, we found that children
with epilepsy had more severe symptoms of a wide range of
behavioral/emotional problems with a large effect size
(Cohen’s d ) for attention problems (0.80), a medium one
for aggressive behavior, anxious/depressed symptoms,
social problems, being withdrawn, and internalizing prob-
lems (0.50e0.72), and a small effect for somatic
complaints, thought problems, and externalizing problemsTable 2 Severity of attention-deficit hyperactivity disorder-re
problems in children with epilepsy and controls.
Case (n Z 61),
Mean  SD
Contro
Mean 
SNAP-IV
Inattention 55.85  17.90 50.35
Hyperactivity/impulsivity 55.86  18.49 50.31
Oppositional symptoms 51.06  12.01 50.44
CBCL
Aggressive behavior 55.39  13.01 49.67
Anxiety/depression 56.11  11.57 49.98
Attention problems 60.39  15.53 49.49
Delinquent behaviors 51.97  12.00 50.50
Social problems 57.46  15.19 50.47
Somatic complaints 54.19  10.14 50.40
Thought problems 54.23  12.40 49.75
Withdrawal 54.65  10.39 47.72
Internalizing problems 55.95  10.31 49.27
Externalizing problems 54.57  12.71 49.89
CBCL Z Child Behavioral Checklist; SNAP-IV Z Swanson, Nolan, and(0.38e0.41) (Table 2). There was no group difference in
delinquent behaviors.
A t score > 67 was used as a cut-off point to determine
the existence of a specific extreme symptom. Using
a conditional logistic regression model, the rates of
aggressive behaviors, attention problems, and social prob-
lems were significantly higher in the children with epilepsy
than in the controls. Children with epilepsy were at higher
risk for having externalizing and internalizing problems
(Table 3).
Correlates for ADHD, internalizing, and
externalizing symptoms
The effects of age, gender, developmental problems,
allergies, and parental education (senior high level or
below) on the risks for probable ADHD, and on the
symptom severity of inattention, hyperactivity/impul-
sivity, internalizing problems, and externalizing problems
were examined (Table 4, upper part). We found that
a history of developmental delay significantly predicted
the risks for probable ADHD, and increased severity of
symptoms of inattention and hyperactivity/impulsivity,
internalizing problems, and externalizing problems.
Furthermore, among the group of children with epilepsy,
the statistical significance of the effects of developmental
delay remained after further controlling for the partici-
pant’s FSIQ, except for internalizing problems (p Z 0.175).
In summary, developmental problems predicted ADHD,
AHDH-related symptoms (inattention, hyperactivity/ impul-
sivity), and emotional/behavioral problems (internalizing/
externalizing problems).
Moreover, the effects of FSIQ, use of AEDs (current use,
duration of use, and polypharmacy), epilepsy type (idio-
pathic or not), age of onset of epilepsy, duration of
epilepsy, and number of seizure attacks on the emotional/
behavioral outcomes among children with epilepsy werelated and oppositional symptoms, and emotional/behavioral
l (n Z 122),
SD
F p Comparison
(Cohen d )
 9.72 6.61 0.011 0.36
 9.34 6.98 0.009 0.39
 11.00 0.25 0.619 0.06
 9.32 11.21 0.001 0.50
 10.82 13.14 <0.001 0.55
 9.93 33.01 <0.001 0.83
 9.68 0.86 0.357 0.13
 10.66 12.99 <0.001 0.53
 10.87 7.49 0.007 0.39
 11.65 5.98 0.016 0.38
 9.03 22.87 <0.001 0.72
 10.53 19.51 <0.001 0.66
 9.28 7.76 0.006 0.41
Pelham, Version IV Scale.
Table 3 Rates of probable attention-deficit hyperactivity disorder (ADHD), ADHD-related and oppositional symptoms, and
behavioral/emotional problems between children with epilepsy and controls.
Case (n Z 61) Control (n Z 122) Chi-square p Odds ratio (95%
confidence interval)N (%) N (%)
Probable ADHD 15 (24.6) 0 (0) 32.68 <0.001* d
ADHD-I 7 (11.5) 0 (0) 14.56 <0.001* d
ADHD-HI 3 (4.9) 0 (0) 6.10 0.036* d
ADHD-C 5 (8.2) 0 (0) 10.28 0.004* d
SNAP-IV (t score > 67)
Inattention 17 (27.9) 7 (5.7) 12.82 <0.001 7.45 (2.48e22.34)
Hyperactivity/impulsivity 15 (24.6) 7 (5.7) 10.61 0.001 5.45 (1.96e15.12)
Oppositonal symptoms 5 (8.2) 10 (8.2) 0.00 1.000 1.00 (0.30e3.32)
CBCL (t score > 67)
Aggressive behavior 11 (18.0) 7 (5.7) 5.87 0.015 3.45 (1.27e9.39)
Anxious/depressed 8 (13.1) 7 (5.7) 2.55 0.110 2.29 (0.83e6.30)
Attention problems 18 (29.5) 10 (8.2) 11.76 0.001 5.82 (2.13e15.92)
Delinquent behavior 8 (13.1) 8 (6.6) 2.33 0.127 2.45 (0.78e7.76)
Social problems 12 (19.7) 8 (6.6) 6.29 0.012 3.56 (1.32e9.61)
Somatic complaints 7 (11.5) 10 (8.2) 0.61 0.436 1.57 (0.50e4.93)
Thought problems 7 (11.5) 10 (8.2) 0.53 0.468 1.47 (0.52e4.16)
Withdrawn 8 (13.1) 8 (6.6) 2.04 0.153 2.11 (0.76e5.89)
Internalizing problems 9 (14.8) 6 (4.9) 4.35 0.037 3.00 (1.07e8.43)
Externalizing problems 10 (16.4) 8 (6.6) 3.92 0.048 2.68 (1.01e7.09)
Total behavioral problems 26 (42.6) 24 (19.7) 9.94 0.002 3.25 (1.56e6.75)
We employed the approach suggested by Swanson et al22 to identify probable ADHD based on the parent SNAP-IV scores. This approach
was based on the symptom-count criterion from the full diagnostic criteria of ADHD stated in the DSM-IV. A score of 2 (quite a bit) or 3
(very much) was coded as the symptomatic presence of this behavior and otherwise as absence.22e24 According to the DSM-IV, we defined
IA syndrome if at least six of the nine inattention items were present, and HI syndrome if at least six of the nine HI items were present.
Based on DSM-IV diagnostic criteria for ADHD subtypes, three subtypes of ADHD were assigned: ADHD, predominant inattention type
(ADHD-I); ADHD, predominant hyperactive, impulsive type (ADHD-HI); and ADHD combined type (ADHD-C). We used a t score > 67 as the
cut-off point to define the presence of extreme inattention, hyperactivity/impulsivity, and oppositional symptoms on SNAP- IV, and
specific behavioral/emotional problem on CBCL.
* p value for Fisher’s exact statistics.
CBCLZ Child Behavioral Checklist; HIZ hyperactivity/impulsivity; IAZ inattentive; SNAP-IVZ Swanson, Nolan, and Pelham, Version IV
Scale.
ADHD and epilepsy 401also examined (Table 4, lower part). Higher IQ was
a significant predictor of a lower risk for probable ADHD,
and decreased symptom severity for inattention, hyperac-
tivity/impulsivity, and internalizing problems. Longer use
of AEDs significantly increased externalizing problems, and
the use of two and more AEDs simultaneously marginally
increased externalizing problems (p Z 0.053). An earlier
onset of epilepsy was significantly associated with more
severe symptoms of inattention (b Z e1.70, 95%
CI Z e3.12 to e0.29) and hyperactivity/impulsivity
(b Z e1.78, 95% CI Z e3.24 to e0.31). In summary,
a higher IQ could be a protective factor for probable ADHD,
inattention symptoms, and internalizing problems; early
age of onset of epilepsy predicted ADHD-related symptoms,
and a longer duration of AEDs use predicted externalizing
problems.
Discussion
This is the first study using a matched case-control design to
investigate ADHD-related symptoms, other emotional/
behavioral problems, and their correlates among pediatricpatients with epilepsy in an ethnic Chinese population.
Similar to previous Western studies,2,23,32 our findings
showed that children with epilepsy were more likely to
have ADHD symptoms, internalizing and externalizing
symptoms covering anxious/depressed symptoms, social
problems, aggressive behaviors, somatic complaints,
thought problems, and withdrawal, but without increased
risks for oppositional symptoms or delinquent behaviors.
Moreover, our findings suggest that low IQ, developmental
delay, and an earlier onset of epilepsy may predict ADHD
and internalizing symptoms; developmental delay and
longer treatment with AEDs are associated with external-
izing problems.
ADHD-related symptoms
Our results lend evidence to support an increased risk for
ADHD3,4 with a higher proportion of inattentive subtype
than combined subtype3,4 in epilepsy. As in other
studies,9,20,33 the rate of attention problems (29.5%) was
the highest among narrow-band emotional/behavioral
problems measured by the CBCL. The discrepancy between
Table 4 Correlates of probable attention-defecit hyperactivity disorder (ADHD) and ADHD-related symptoms, and emotional/behavioral problems among the whole sample (upper part) and children
with epilepsy only (lower part).
Probable ADHD Inattention Hyperactivity/
impulsivity
Internalizing
problems
Externalizing
problems
Non-ADHD
(N Z 168, 91.8%)
ADHD
(N Z 15, 8.2%)
OR (CI) b (95% CI) b (95% CI) b (95% CI) b (95% CI)
Mean (SD)
Whole sample (N Z 183)
Sex, male 102 (60.7) 12 (80) 2.59 (0.70e9.65) 2.07 (e1.89, 6.02) 2.87 (1.08, 6.82) 1.29 (4.73, 2.15) 1.31 (1.91, 4.52)
Child age 9.9 (2.4) 8.9 (2.1) 0.81 (0.62e1.06) 0.17 (0.99, 0.66) 0.48 (1.30, 0.34) 0.12 (0.59, 0.84) 0.12 (0.78, 0.55)
Parental education as
senior high or below
66 (39.3) 7 (46.7) 1.35 (0.46e3.95) 0.91 (3.02, 4.83) 0.68 (3.25, 4.61) 3.00 (0.36, 6.35) 1.45 (1.73, 4.63)
Any developmental problem 3 (1.9) 8 (53.3) 60.57 (12.94283.63)z 22.69 (15.27, 30.11)z 25.39 (18.22, 32.55)z 12.46 (6.04, 18.88)z 13.57 (7.24, 19.90)z
Allergy 47 (28.0) 8 (53.3) 2.94 (0.99e8.66) 4.10 (0.06, 8.25) 2.94 (1.24, 7.11) 2.42 (1.01, 5.86) 2.13 (1.26, 5.52)
Epilepsy sample only (N Z 61) Children
with epilepsy
with Non-ADHD
(N Z 46, 75.4%)
Children
with epilepsy
with ADHD
(N Z 15, 24.6%)
Antiepileptic drug
Polypharmacotherapy 1.15 (0.56) 1.53 (1.06) 1.98 (0.84e4.69) 5.39 (0.78, 11.56) 6.32 (0.01, 12.65) 1.19 (2.44, 4.82) 3.48 (0.93, 7.88)
Current use of
antiepileptic drug
43 (93.5) 15 (100.0) d 4.66 (16.25, 25.57) 1.11 (22.75, 20.53) 3.92 (8.11, 15.94) 5.28 (20.09, 9.54)
Duration of use (month) 15.0 (7.7) 16.8 (6.8) 1.03 (0.96e1.11) 0.23 (0.41, 0.86) 0.42 (0.22, 1.05) 0.26 (0.11, 0.62) 0.51 (0.08, 0.94)*
Full-Scale IQ 97.8 (10.7) 89.7 (13.5) 0.94 (0.89e0.99)* 0.60 (0.95, 0.25)y 0.39 (0.77, 0.00) 0.32 (0.53, 0.11)y 0.22 (0.49, 0.05)
Epilepsy etiology (idiopathic
or not)
24 (52.2) 7 (50.0) 0.92 (0.27e3.11) 2.15 (6.67, 10.97) 0.62 (8.89, 10.13) 1.41 (6.56, 3.74) 1.51 (4.95, 7.98)
Age of onset of epilepsy 7.2 (3.3) 5.6 (2.4) 0.84 (0.68e1.03) 1.70 (3.12, 0.29)* 1.78 (3.24, 0.31)* 0.47 (1.32, 0.37) 0.65 (1.70, 0.39)
Duration of epilepsy (y) 2.87 (2.56) 3.35 (2.66) 1.07 (0.86e1.35) 1.50 (0.28, 3.29) 0.89 (0.99, 2.76) 0.42 (0.63, 1.46) 0.02 (1.32, 1.29)
Number of attacks 0.62 (1.21) 0.29 (1.07) 0.68 (0.28e1.61) 2.20 (6.14, 1.75) 0.71 (4.75, 3.33) 1.65 (3.81, 0.51) 0.04 (2.70, 2.79)
* P < 0.05; y p < 0.01; z p < 0.0001.
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ADHD and epilepsy 403the rate of ADHD diagnosed clinically by a physician before
our assessments and that based on assessments using SNAP-
IV is consistent with previous studies5 and our recent
study,34 which demonstrated that only 9.2% of community-
based children with DSM-IV ADHD had a clinical diagnosis of
ADHD, and that clinical referral was associated with phys-
ical problems.34
We employed two approaches suggested by Swanson
et al27 to identify potential cases of ADHD based on the
scores of the Chinese SNAP-IV. The first approach was based
on the symptom count criterion from the full diagnostic
criteria stated in the DSM-IV. There was no probable ADHD
in control group using this approach. This unexpected result
might be associated with the parents of healthy controls
underestimating the severity of symptoms. However, based
on the second approach using a t score greater than 67 as
the cut-off point to define the presence of extreme inat-
tention or hyperactivity/impulsivity syndromes, the rate
was 5.7% for ADHD-related symptoms, which was similar to
the rate of ADHD reported in a community-based study in
Taiwan.28 In the current study, the SNAP-IV was used to
estimate the rate of probable ADHD, and was designed as
a screening tool rather than a diagnostic instrument. To
resolve the inconsistency between above two approaches,
it is suggested that psychiatric diagnostic interviews should
be used to confirm the diagnosis of ADHD in future
research.
However, the causal relationship between ADHD and
epilepsy is not conclusive. Children with epilepsy are more
likely than their siblings to have inattention before the
onset of seizures15 and are 2.5 times as likely to have
symptoms of ADHD before the onset of seizures,4 which
suggests that ADHD may have the same brain vulnerability
as epilepsy5 rather than being a sequel of epilepsy.3Oppositional symptoms and delinquent behaviors
Our findings of a lack of increase in oppositional symptoms
and delinquent behaviors among children with epilepsy are
contrary to those of some studies.21,22 This inconsistency
may be attributable to different ascertainment methods
and ethnicity,35 as well as a younger age,22 higher IQ,21 and
lower rates of ADHD,3,5 in our sample than in previous
studies.
The age of onset of epilepsy in our subjects was higher
than was seen in some studies5,19,32 but similar to
others.22,33,36 As a younger age onset of epilepsy may be
correlated with a lower IQ,34 which is supposed to be
associated with more severe emotional/behavioral symp-
toms,33 the exclusion of epileptic patients with mental
retardation and the average mental level of our sample
with epilepsy (FSIQ Z 96) may explain the older age of
onset of epilepsy and lack of significant difference in
oppositional symptoms and delinquent behaviors.Emotional/behavioral problems
Combining several lines of data with our results,7,9,20,23
there is strong evidence supporting increased symptom
severity for a wide range of emotional/behavioral problemsincluding inattention, but excluding delinquent behaviors
and oppositional symptoms.
Our findings, using the CBCL, provide evidence to
support more severe internalizing and externalizing prob-
lems in children with epilepsy than in controls.23 Regarding
the comparisons between internalizing and externalizing
problems among children with epilepsy, unlike some
studies,9,20,33 we did not find more internalizing than
externalizing behaviors problems in children with epilepsy.
These discrepant findings can be explained in the context
of Chinese culture that children are less likely to verbally
express their inner feelings to their parents, and Chinese
parents pay more attention to children’s externalizing
behaviors and academic achievement compared with
Western parents.37,38 These explanations were supported
by higher rates of externalizing than internalizing problems
in the controls. Accordingly, the magnitude of group
difference in internalizing problems (Cohen’s dZ 0.66) was
greater than externalizing problems (Cohen’s d Z 0.41),
which was similar to previous studies.9,20,23,33
In line with a meta-analysis,23 attention and social
problems can clearly distinguish children with epilepsy
from children without epilepsy, and there was only a small
effect size for thought problems. However, increased
aggression and anxiety/depression in children with epilepsy
is a novel finding that warrants further investigation.Physical problems
Similar to two large Canadian health surveys,10 our findings
support increased rates of some somatic conditions in
children with epilepsy, especially allergies, which is the
most prevalent condition.10 Moreover, the epileptic chil-
dren were more likely to have headaches10e12; however,
our finding of increased musculoskeletal aches and pains
was not supported.10 Our results did not support increased
gastrointestinal problems in epileptic children.10Predictions for ADHD-related symptoms and
internalizing/externalizing problems
Similar to several studies,7e9,20 we did not find that the
child’s sex7,19 and age,19 duration and types of epilepsy,
polypharmacy, or current use of AEDs predicted ADHD
symptoms3,5 or internalizing/externalizing behaviors.
Moreover, our data did not support an association between
low parental educational level and behavioral problems in
epileptic children.15
Unlike other studies,3,5,33 our findings suggest that an
earlier onset of epilepsy might be associated with more
severe symptoms of ADHD. This may be partially explained
by a more profound effect of early central nervous system
damage compared with later brain insults in human39 and
animal40 studies. However, inconsistent with previous
studies,41 this study did not demonstrate an adverse effect
of longer duration41 or polypharmacy7 of AEDs on ADHD
symptoms or emotional/behavioral symptoms. This
contradictory finding may be explained by the relatively
higher IQ, lesser severity of epilepsy, and better epilepsy
control in our sample.
404 F.-J. Tsai et al.Consistent with previous findings,3,21 our findings
strongly suggest that FSIQ is negatively associated with
ADHD symptoms. Moreover, a childhood history of devel-
opmental delay is a significant predictor of ADHD, which
cannot be explained by current FSIQ. Additionally, this
study also supports a relationship between increased
internalizing problems and developmental delay and
decreased FSIQ.33Methodological considerations
This study is among the first to investigate the risk for
ADHD, physical conditions, and behavioral problems in
a matched case-control study of children and adolescents
with epilepsy using standardized measures and clinical data
in a relatively less studied population.However,it has some
limitations.
First, since all the patients were recruited at NTUH,
generalization of our findings to a broader Taiwanese pop-
ulation is questionable. Second, lack of information about
symptoms of ADHD before the onset of epilepsy also limits
our ability to clearly establish a causal relationship
between epilepsy and ADHD symptoms. Third, the small
sample size and limited age range restrict the interpreta-
tion of our results, and there is a lack of power to detect
the effect of individual AEDs on emotional/behavioral
problems or ADHD-related symptoms.
Fourth, a comprehensive review of medical records by
a board-certificated pediatric neurologist and information
provided by the two attending neurologists may still have
misclassification issues and sample selection bias, such as
restricting the sample to the pediatric patients with
epilepsy who currently attended follow-up clinics regularly.
Fifth, due to the limitations of time and settings, we did
not assess the IQ of the matched controls. Two practical
indicators of potential intelligence problemsdreceiving
special educational services or a medical disability certifi-
cate of mental retardationdwere adopted by school
teachers to refer the controls. Admittedly, this procedure
cannot ensure that no control subjects who were mentally
retarded were recruited.
Sixth, the reliability of parent reports of psychiatric or
physical conditions could be reduced by parental recall
bias. Finally, only reviews of medical records and recalls by
attending pediatric neurologists may underestimate the
physical problems of the participants. Therefore, the find-
ings regarding physical conditions should be interpreted
with caution.
Future studies shouldbeconductedwitha larger sampleof
pediatric patients with incident epilepsy using a psychiatric
interview to confirm the diagnosis of ADHD and other mental
disorders. Moreover, many studies have demonstrated that
psychosocial factors, such as family factors (e.g., paren-
techild relationships, satisfaction with family relationships,
parental depression, marital satisfaction) and the child’s
attitude toward epilepsy, could significantly affect the
emotional/behavioral problems of this population.12, 13 The
impacts of these psychosocial factors was beyond the scope
of our study and need to be explored in future study.
In addition to psychosocial factors, the present study did
not examine the confounding effects of brain anomaly andprevious psychopathology due to only a small proportion of
clinical participants having brain imaging data. Neuro-
psychological function and functional brain imaging studies
can also be carried out to identify the area involved
regarding brain dysfunction in ADHD among children and
adolescents with epilepsy.
Clinical implications
It is recommended that health professionals assess symp-
toms of ADHD, regardless of intelligence test score, among
children and adolescents with epilepsy, particularly for
those with a childhood history of developmental delay and
early onset of epilepsy, because ADHD symptoms may
influence school performance, peer relationships, and at-
home behaviors. Moreover, clinicians should also assess
other physical and emotional/behavioral problems among
these patients with epilepsy to offset possible adverse
psychiatric and physical outcomes with age.
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